Two lactic acid-producing, Gram-stain-positive rods were isolated from a microbial mat actively growing in the littoral zone of an Antarctic lake (Forlidas Pond) in the Pensacola mountains and studied using a polyphasic taxonomic approach. The isolates were examined by phylogenetic analysis of the 16S rRNA gene, multilocus sequence analysis of pheS, rpoA and atpA, and biochemical and genotypic characteristics. The genus Carnobacterium was created to accommodate heterofermentative, facultatively anaerobic, psychrotolerant, rod-shaped lactic acid bacteria that produce L-lactic acid from glucose. At the time of writing, the genus Carnobacterium comprises 10 species with validly published names. Most of them were isolated from food of animal origin and/or living fish, except for Carnobacterium alterfunditum, Carnobacterium funditum and Carnobacterium pleistocenium which were isolated from cold environments with low nutrient contents, such as Antarctic ice lakes and permafrost ice (Franzmann et al., 1991; Pikuta et al., 2005) . .2] at 4 u C for 10 days and 20 u C for 4 days, respectively. The clonality of these isolates was investigated by randomly amplified polymorphic DNA fingerprinting using primers and RAPD-272 (59-AGCGGGCCAA-39), as described by Mahenthiralingam et al. (1996) . The fingerprints indicated that isolates LMG 26642 T , LMG 26896, R-37000 and R-36994 were genetically identical, as was the case for LMG 26641 and LMG 26897 (data not shown).
The genus Carnobacterium was created to accommodate heterofermentative, facultatively anaerobic, psychrotolerant, rod-shaped lactic acid bacteria that produce L-lactic acid from glucose. At the time of writing, the genus Carnobacterium comprises 10 species with validly published names. Most of them were isolated from food of animal origin and/or living fish, except for Carnobacterium alterfunditum, Carnobacterium funditum and Carnobacterium pleistocenium which were isolated from cold environments with low nutrient contents, such as Antarctic ice lakes and permafrost ice (Franzmann et al., 1991; Pikuta et al., 2005) .
Recently, Peeters et al. (2011) examined the heterotrophic bacterial diversity in a microbial mat sample originating from the littoral zone of a continental Antarctic lake (Forlidas Pond) in the Pensacola mountains. A large number of bacteria were isolated and characterized through repetitive element palindromic (rep) PCR fingerprinting and phylogenetic analysis of partial 16S rRNA gene sequences. Thirty lactic acid bacteria belonging to two main rep-clusters were isolated on marine agar 2216 (BD Difco) at 4-20 u C in an aerobic or anaerobic atmosphere. Representatives of repcluster I (LMG 26642 T , R-36994, R-37000 and LMG 26896) and rep-cluster II (LMG 26641 and LMG 26897) were grown aerobically on trypticase soy broth with yeast extract salt medium [TSBY salt; 3 % trypticase soy broth (Oxoid), 0.3 % yeast extract (Oxoid), 1.3 % NaCl (Merck), 0.034 % KCl (UCB), 0.4 % MgCl 2 . 6H 2 O (Sigma-Aldrich), 0.345 % MgSO 4 . 7H 2 O (UCB), 0.025 % NH 4 Cl (Merck), 0.014 % CaCl 2 . 2H 2 O (Merck), 2 % agar no. 2 (LabM), pH 7.2] at 4 u C for 10 days and 20 u C for 4 days, respectively. The clonality of these isolates was investigated by randomly amplified polymorphic DNA fingerprinting using primers RAPD-270 (59-TGCGCGCGGG-39) and RAPD-272 (59-AGCGGGCCAA-39), as described by Mahenthiralingam et al. (1996) . The fingerprints indicated that isolates LMG 26642 T , LMG 26896, R-37000 and R-36994 were genetically identical, as was the case for LMG 26641 and LMG 26897 (data not shown).
Nearly complete 16S rRNA gene sequence analysis was performed as described by Vancanneyt et al. (2004) for strains LMG 26642
T and LMG 26641. PCR products were purified using a Nucleofast 96 PCR clean up membrane system (Macherey-Nagel, Germany). The sequencing primers were those listed by Coenye et al. (1999) and the obtained fragments were cleaned with a BigDye XTerminator Purification kit (Applied Biosystems, USA), according to the manufacturer's instructions. ARB (Ludwig et al., 2004) and the corresponding SILVA SSURef 102 database (Pruesse et al., 2007) were used to align the 16S rRNA gene sequences of strains LMG 26642 T (1512 bp) and LMG 26641 (1433 bp) with sequences of type strains of all established species of the genus Carnobacterium. These aligned sequences were imported into MEGA version 5.0 (Tamura et al., 2011) and analysed using the neighbour-joining, maximum-likelihood and maximum-parsimony methods. The statistical reliability of tree topologies was evaluated by bootstrapping analysis based on 1000 replicates. The neighbour-joining and the maximum-parsimony trees revealed topologies similar to that obtained in the maximum-likelihood tree ( Fig. 1 Because of the failure of 16S rRNA gene sequence similarity to reflect the phylogeny of closely related lactic acid bacteria, multilocus sequence analysis (MLSA) was performed to obtain a higher taxonomic resolution. MLSA of the housekeeping genes encoding phenylalanyl-tRNA synthase alpha subunit (pheS), RNA polymerase alpha subunit (rpoA) and ATP synthase alpha subunit (atpA) has been successfully applied for the identification of different lactic acid bacteria (De Bruyne et al., 2010 , 2008a , b, 2007 Naser et al., 2007 Naser et al., , 2005 . The primer combinations used for the amplification and sequencing of pheS, rpoA and atpA are listed Table S1 (available in IJSEM Online). Primer combinations pheS-24/ 25-F/pheS-26/27-R, rpoA-24-F/rpoA-25/26-R and atpA-29-F/atpA-35-R amplified the target genes of all strains except for atpA of C. alterfunditum, C. pleistocenium and C. jeotgali; for these, an alternative primer combination (atpA-30-F/ atpA-33/34-R) was used. Amplification conditions and sequencing reactions were performed as described by Naser et al. (2005) with the following modifications: (i) the annealing temperature was set at 50 u C but in a few cases this value was raised to 55 u C to avoid aspecific amplicons and (ii) sequencing reactions were purified using a BigDye XTerminator Purification kit. To assess the inter-and intraspecies variation, multiple strains per species were included if available; in total, 23 strains were studied. The strains examined and their depositors, sources and accession numbers are listed in Table 1 . SeaView version 4 was used to concatenate the gene sequences of pheS, rpoA and atpA (Gouy et al., 2010) . MEGA version 5.0 (Tamura et al., 2011) was used to align the translated concatenated gene sequences and analyse the nucleotide sequences. The neighbourjoining and maximum-parsimony tree revealed topologies similar to that obtained in the maximum-likelihood tree ( Fig. 2 ; the substitution model used was the general time reversible model and the aligned concatenated sequence had a length of 957 bp.). The phylogenetic tree of the concatenated pheS, rpoA and atpA sequences proved the discriminatory power of these genes for species identification within the genus Carnobacterium and was roughly in agreement with the 16S rRNA gene-based analysis. All species were clearly delineated and had .98 % concatenated gene sequence similarity. Pairwise sequence similarities of the concatenated pheS, rpoA and atpA sequences confirmed that the closest relatives of strain LMG 26642 T were C. funditum LMG 14461 T (93 %) and C. mobile LMG 9842 T (88.6 %). MLSA also indicated that the closest relatives of
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International Journal of Systematic and Evolutionary Microbiology 63 LMG 26641 were C. alterfunditum LMG 14462 T (98.1 %) and C. pleistocenium LMG 23663 T (93.8 %). Lower sequence similarities (,92.5 %) were found towards the other strains tested. Based on MLSA using pheS, rpoA and atpA, it can be concluded that strain LMG 26641 belongs to C. alterfunditum and that strain LMG 26642 T can be assigned to a novel species, with C. funditum as its closest neighbour.
To confirm the identification obtained by MLSA, DNA-DNA hybridization between strain LMG 26642 T and its nearest phylogenetic neighbour, C. funditum LMG 14461
T , was performed. Genomic DNA was extracted using the guanidinium thiocyanate method described by Pitcher et al. (1989) . DNA-DNA hybridization was performed using the microplate method, with photobiotin for labelling the DNA (Ezaki et al., 1989) , as modified by Goris et al. (1998) . DNA-DNA relatedness between strain LMG 26642 T and C. funditum LMG 14461 T was 18 %, which confirmed that strain LMG 26642 T represents a novel species.
The G+C content was determined according to the enzymic DNA degradation method described by Mesbah & Whitman (1989) , using a Waters Breeze HPLC system and XBridge Shield RP18 column. The solvent used was 0.02 M NH 4 H 2 PO 4 (pH 4.0)/1.5 % (v/v) acetonitrile. Non-methylated lambda phage DNA (Sigma) was used as the calibration reference and Escherichia coli LMG 2093 DNA was included as the control. The G+C content of strain LMG 26642 T was 34 mol%, which is within the range for the genus Carnobacterium (32-44 mol%). Strain LMG 26641 had a G+C content of 36 mol%, which corresponded with the G+C content of C. alterfunditum (32-36 mol%).
Preparation of the peptidoglycan and analysis of its structure were performed according to Schumann (2011) . The diagnostic meso-diaminopimelic acid was found in addition to alanine and glutamic acid in the total hydrolysate (4 M HCl, 100 uC, 15 h). The partial hydrolysate (4 M HCl, 100 u C, 15 min) contained the peptides LAla-D-Glu and diaminopimelic acid-D-Ala. From these data, it was concluded that strain LMG 26642 T contains the peptidoglycan type A1c.
Physiological and biochemical tests were performed using strain LMG 26642 T . Cell and colony morphology and the presence of catalase and oxidase was investigated after
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Carnobacterium iners sp. nov. growth on TSBY salt agar for 10 days, incubated aerobically at 4 u C. Standard biochemical tests and growth experiments were determined in TSBY salt broth and performed in triplicate, unless stated otherwise. Growth was tested at 4, 15, 20 and 37 u C and in the presence of 2-10 % (w/v) NaCl (at intervals of 2 %). Production of gas from glucose was tested using inverted Durham tubes and peptone yeast extract as the basal medium (Holdeman & Moore, 1977) . The production of D-and L-lactate from glucose was determined enzymically (R-Biopharm). The API 50 CHL Lactobacillus identification system (bioMérieux) and GEN III Omilog ID system (Biolog) were used to determine the carbohydrate fermentation profile of the isolate and a positive control (C. funditum LMG 14461 T ). For both identification systems, strain LMG 26642
T scored negative for all carbohydrates tested. The same result was obtained when peptone yeast extract medium was used as the basal medium (Holdeman & Moore, 1977) . The morphological and physiological characteristics of the isolate are given in the species description and an overview of the physiological differences between the isolate and its closest relatives is presented in Table 2 .
The colony and cell morphology of strain LMG 26642 T , its motility, catalase activity, peptidoglycan type and G+C content were in agreement with the description of the genus Carnobacterium. Additionally, strain LMG 26642 T was closely related to C. funditum LMG 14461 T (99.2 % 16S rRNA gene sequence similarity) but it could be distinguished from this reference strain and other members of the genus Carnobacterium on the basis of MLSA and biochemical characteristics. Based on these results, we propose to classify strain LMG 26642 T in a novel species, Carnobacterium iners sp. nov.
Description of Carnobacterium iners sp. nov.
Carnobacterium iners sp. nov. (in9ers. L. neut. adj. iners inactive, lazy).
Cells are psychrophilic, Gram-stain-positive, catalasenegative, facultatively anaerobic and motile rods, approximately 1.5 mm wide and 3-6 mm long, occurring singly or in pairs or short chains. Colonies grown for 10 days on TSBY salt agar at 4 u C are approximately 0.8 mm in diameter, white, opaque, smooth and circular with undulate margins and an umbonate elevation. No gas is produced from glucose. Produces D-and L-isomers of lactic acid in a ratio of 1 : 9. Optimal growth is observed at 4 u C; grows at 15 and 20 u C. Grows with 1-2 % NaCl, but not with 4-10 % NaCl. Does not produce acid from glucose, fructose, mannose, N-acetylglucosamine, aesculin, cellobiose, maltose, trehalose, gentiobiose, glycerol, erythritol, D-or Larabinose, ribose, D-or L-xylose, adonitol, methyl b-Dxylopyranoside, galactose, sorbose, rhamnose, dulcitol, inositol, mannitol, sorbitol, methyl a-D-mannopyronoside, methyl a-D-glucopyranoside, amygdalin, arbutin, salicin, lactose, melibiose, sucrose, inulin, melezitose, raffinose, starch, glycogen, xylitol, turanose, D-lyxose, D-tagatose, D-or L-fucose, D-or L-arabitol, potassium gluconate, potassium 2-ketogluonate or potassium 5-ketogluconate. The cell wall contains meso-diaminopimelic acid.
The type strain, LMG 26642 T (5CCUG 62000 T ), was isolated from a cyanobacterial mat growing in the littoral zone of a continental Antarctic lake (Forlidas Pond, Pensacola mountains) in December 2003. The DNA G+C content of the type strain is 34 mol%. *Sodium is required for growth with optimal growth at 1.7 %.
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